Abstract. The occurrence of algae in the water sources is a worldwide environmental health issue. Electrocoagulation/flotation (ECF), as an efficient, safety and environmental friendly algae removal technique without additional chemicals, shows obvious advantages on energy conservation and environmental security over conventional methods. In this study, the efficiency and security of algae separation in an ECF system were investigated. The algae removal, cell viability and extracellular MC-LR analysis were applied to access the effects of current density, run time and initial algal concentration on the separation efficiency and membrane integrity of cells. Results showed that within a reasonable range of parameters, ECF not only can achieve high efficiency of algae removal in a relatively short time but also ensure the integrity of algae cells. In this investigation, treat for 20 minutes at current density of 3mA/cm 2 was found to be optimum under the experimental conditions.
Introduction
Algae bloom occurs in the source water, which is becoming a serious water quality problem for public and private water supplies. Massive development of algae in the source water may clog in the filter system and decrease the sensory properties of water such as turbidity, chromaticity and odor. Moreover, microcystins produced by algae can cause neurotoxicity, hepatotoxicity, nephrotoxicity and reproductive toxicity to animal and human [1, 2, 3] . One possible solution to control the algal growth is to harvest algae from the medium (reservoirs, lakes and rivers), especially control the water quality of the water intake. Numerous techniques, such as membrane treatment, ultrasonic treatment, sedimentation and air flotation, are popular in wastewater treatment. However, traditional methods for removing algae not only energy-or time-consuming but also have the risk of secondary pollution [4, 5, 6] . Electrocoagulation/flotation (ECF), as an efficient, safety and environmental friendly algae removal technique without additional chemicals, shows obvious advantages on energy conservation and environmental security over conventional methods. However, nowadays the researches mainly focus on the algae efficiency, little information about the security verification in the algae water separation process could be found. Electro-oxidation/disinfection, one of the mechanisms takes place in the ECF system, may cause microalgae lysis then lead to the release of toxins into surrounding water, which will present a more serious hazard to water safety due to the more difficult removal of dissolved toxins than the whole cells [7] . In this study, the efficiency and security of the algae water separation in electrocoagulation/flotation (ECF) process will be discussed. In order to evaluate it, the algae removal efficiency were put as the first choice. Moreover, the effect of pre-set conditions on the integrity of the cells was measured by the changes of extracellular MCs and cell viability. Finally, according to the experiment data, the optimal parameters which under the premise of ensuring the integrity of the cell can achieve a higher removal rate, were selected to guide the actual operation. All of these experiments were aiming at establishing a fast, efficient and environmental friendly algaecide system in response to algae bloom outbreaks in the drinking water supply system.
Materials and methods

Preparation of the algal suspension
The target algae, Microcystis aeruginosa (FACHB-905), was provided from the Fresh Algae Culture Collection of the Institute of Hydrobiology, Chinese Academy of Sciences [8] . Biomass was cultured by the methods of Qiu et al [9] .The initial algal concentration was 1.5 10 9 /L to investigate the effect of initial cell density and culture solution was diluted by deionized water. The ECF experimental device Fig.1 Schematic diagram of the experimental device ECF experiments were carried out in a glass flume with configuration of 25.5cm (length)× 10cm (width)×30cm (height) is schematically shown in Fig.1 . All the experiments were carried out at room temperature by using 6 L of algal suspension culture. Two aluminum plates (25cm×0.3cm ×25cm), used as the electrode material with the effective area of 625cm 2 , were kept 3cm apart fixed to the flume casing. The applied current was regulated from the DC power supply (WYJ-0-30V/3A, China). The initial pH of the samples was adjusted to 7.0 0.2.
The efficiency of the algae separation
The algal concentration was calculated based upon the decrease in optical density of the algal culture (measured at 628 nm with a UV-vis spectrometer,752, China). Samples were collected 5 cm below the water surface in the reactor which was allowed to settle for 20min. And the removal efficiency could be calculated using the following formula: Y ,where Y is the removal efficiency, C is the initial concentration, C is the final concentration at any time.
The integrity of the cells Cell activity, which was determined using a microscope assay with fluorescein diacetate (FDA) and propidium iodide (PI), is an index used to assess the integrity of the algae. In this method, cells were examined with a BX51 microscope (OLYMPUS) after being stained with FDA and PI. Cells with an intact cell membrane are stained bright green by FDA and cells with a damaged cell membrane are stained bright red with PI.
Extracellular MC-LR was monitored using an Agilent 1100 HPLC machine with a Zorbax Extend C18 column (4.66150 mm, 5um, Agilent, USA) and a variable wavelength detector (VWD) set at 238 nm. The mobile phase was a mixture of methanol and 0.1% trifluoroacetic acid aqueous solution (55:45, v/v) set at a flow rate of 1 mL/min. The column temperature was maintained at 40℃ and the injection volume was 20 uL.
Results and Discussion
The efficiency of the algae separation (a) (b) Fig.2 The changes of algae removal efficiency (Fig.a shows the effects of current density on algae removal efficiency. Fig.b shows the effects of initial concentration on algae removal efficiency. ) From Fig. 2(a) , we can easily know that the removal rate of algae increased with the current density and the run time. Generally speaking, in order to reach the goal of a rapid algae removal, there needs a collision and adhesion between the flocs, algae and bubbles [10] . Additionally, it is well known that the run time and electric current density not only determine the metal coagulant dissolution rate but also determine the bubble production rate and the size of the bubble generated in the electrode reaction, which influence the treatment efficiency of the ECF process [11] .
As the current density and run time increase, the aluminum ions which dissolve from the anode would increase in water. Thus, there will be an increasing number of aluminum hydroxide flocs for the removal of algae. Moreover, the algae removal rate under different current densities showed the same trends with run time increased: At the beginning of the reactive stage there is a rapid rise in the removal efficiency, with the process of reaction, the system moves into the stable stage. According to Faraday's law, in the case of constant current, the amount of flocs and bubbles released is certain in a certain period of time. In the early stage of the reaction, the high concentration of algae makes the collision more effective. With the process of reaction, the concentration of algae decreased, hence there is a reduction in the probability of collision and adhesion between the flocs, algae and bubbles. Fig.2a also present that under the same run time, the higher the current density, the better the effect of algae removal. The algae removal increased followed to the current density rose from 1 mA/cm were 74%, 94.67%, 98.57%, 100% respectively. Moreover, at higher current density, less ECF time would be required to remove algae from water.
As in shown in Fig. 2(b) , when the current density is from 1 mA/cm /L. when the current density is 4 mA/cm 2 , with the increase of the initial concentration of algae, the algae removal efficiency was decreased. Therefore. We suggest a hypothesis that the initial concentration of 1.5 10 7 /L could be a critical concentration point. The effects of initial concentration on algae removal was different from Gao et al [12] may be caused by the efficiency of the collision changed, because the effective remove requires adequate contact between the coagulant, algae cells and bubbles [11] .When the initial concentration is 1.5 10 6 /L, due to the low concentration of algae, the collision is relatively difficult, so the algae removal efficiency is low. As the current density increased, the aluminum ions which dissolve from the anode would increase in water which provide a possibility to have a high efficiency of collision. However, when the initial concentration is 1.5 10 7 /L, under the same flocs and bubble conditions, the collision rate is still increasing and close to or maybe have reached the saturation. Therefore, although the algae concentration increased from 1.5×10 1] . The stro erefore, the , the cell v , the cell via y. The b1-b1 Fig.4 The ly electro-oxi the pressure the cell in carry out an L. The effec cells was m t density we at viable an y FDA and tive cells in the algae in am [14] . een and red e/viable cell e of current milar results un time, the e was 5min, cal of cell is ned red and e serious products [13] . egrity. Cell ss [13] . Fig.5 The changes of extracellular MC-LR The MC-LR, which were generally considered to be caused by the rupture of algal cells in the water [15] , can cause animal and human tumor promotion. Therefore, the changes of MC in the sample water should be determined after the algae treated with ECF. The changes of extracellular MC-LR in the solutions with pre-set conditions were plotted in Fig.7 . It can be seen that at the current density except 4mA/cm 2 , the extracellular MC-LR concentration exhibited a slow decrease as the extension of time. Moreover, at higher current density, faster rate would be acquired to degrade extracellular MC-LR from water. As the current density is 3mA/cm 2 , the extracellular MC-LR concentration decreased from 159ug/L to 131ug/L within 20min. By contrast, the extracellular MC-LR concentration underwent a more gradual increase at 4mA/cm 2 , and an 8.1% increase in toxin level was detected with 20min. The degradation of MC-LR could be ascribed to the oxidation of hydroxyl radicals produced in the ECF process. Nevertheless, when the current density rose to 4mA/cm 2 , the cell break down and release the MC-LR into the surrounding water [16, 17] .
Conclusion
In this study, the efficiency and security of algae separation in an ECF system were investigated. The following conclusions could be drawn according to the experimental results.
(1) ECF achieve high efficiency of algae removal in a relatively short time, it can be well applied to achieve the separation of the algae and water efficiently.
(2)The effect of electro-oxidation/disinfection under pre-set conditions could cause obvious damage to the cells. And the damaged cells, which could release the intracellular MC-LR into the surrounding water, would increase the processing difficulty.
(3)The current density should be optimized when considering the algae removal cell viability and extracellular MC-LR simultaneously. In this investigation, treat for 20 minutes at current density of 3mA/cm 2 , which ensured the efficiency and security, was found to be optimum under the experimental conditions.
